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Index; AI: atherogenic index; CVA: Cerebral Vascular Accident; CVD: 
Cardiovascular Disease; PVD: Peripheral Vascular Disease; RCT: 
Randomized Controlled Trial
Introduction
Metabolic Syndrome (Met-S) has been the serious health problem 
for long years, and central adiposity do exist for the fundamental 
cause. The prevalence of obesity has been increasing worldwide and 
also in Japan [1-4]. The excess adiposity would induce cardiovascular 
disease (CVD), then simple and effective way of estimating adiposity is 
necessary for risk assessment [5,6].
Body Mass Index (BMI) has been widely used for clinical research, 
but it has several problems for definition, age, gender and ethnicity 
[1,6,7]. Consequently, other measurements such as waist circumference 
(WC), waist-to-height ratio (WHtR) have been proposed for abdominal 
imaging and risk factors [6,8,9]. There have been still controversy about 
the predominance [10,11], and WHtR could be an alternative to WC, 
due to evaluating risk for tall and short individuals [12-14]. 
Authors and colleagues have treated thousands of patients with 
T2DM, investigated clinical studies concerning low carbohydrate 
diet (LCD) and developed LCD medically and socially in Japan [15-
18]. Furthermore, we reported the significance of ketone bodies and 
Morbus (M) value [18-20]. Consequently, we have accumulated 
anthropometric data for T2DM such as BMI and WHtR. 
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Abstract
The purpose of this study was to investigate anthropometric factors for the patients with Type 2 Diabetes Mellitus (T2DM). Subjects were 80 T2DM patients with 
67.7 ± 12.9 years old. Methods included basal blood test including HbA1c and measured height, body weight, waist circumference (WC) and thigh circumference 
(TC). Several factors were calculated and investigated the correlation among Body Mass Index (BMI), HbA1c. WC, TC, Waist to Height ratio (WHtR), Thigh 
to Height ratio (THtR) and Thigh to Waist ratio (TWaR). Results were as follows: 1) Average BMI was 25.1 kg/m2 and average HbA1c was 7.2%, 2). There was 
significant correlation between WC and TC (p<0.01). 3) Significant correlations were revealed between BMI and WC, WHtR, THtR. 4)Similarly, between HbA1c 
and WC and WHtR. 5) Negative significant correlation was shown between HbA1c and TWaR with the Coefficient -0.25 and p=0.26. WC and TC might indicate 
central adiposity and muscle volume, respectively, suggesting that TWaR could become the fundamental data and the possible utilization of TWaR on the clinical 
research in the future. 
Combining with these situations, we investigated the correlations 
among HbA1c, BMI and WHtR. Moreover, we tried and proposed a 
new marker for Thigh to Height ratio (THtR) and Thigh to Waist ratio 
(TWtR) with some speculation in this study.
Subjects and methods
Subjects included 80 patients (males: 45, females: 35) with type 
2 diabetes mellitus (T2DM) who are 67.7 ± 12.9 years old (mean ± 
SD) and 69 years old in median. They were outpatients that authors 
have treated for nutritional and exercise therapy, and enrolled in this 
research program. 
Methods are summarized as follows: 1) When these patients visited 
the clinic on first contact, we measured basal blood test including 
HbA1c and measured height, body weight, waist circumference (WC) 
and thigh circumference (TC). 2) WC were measured at the level of 
navel in the upright position with relaxed respiration. 3) TC were 
measured at the position of 10 cm upward from the upper margin 
of right patella. 4) Several factors were calculated and investigated 
the correlation among these markers. They were, Body Mass Index, 
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HbA1c. WC, WHtR (Waist to Height ratio), THtR (Thigh to Height 
ratio) and TWaR (Thigh to Waist ratio). 
Statistical analyses
In current study, data was represented as the mean +/- standard 
deviation, and also represented median, quartile of 25% and 75% in 
biomarkers. For statistical analyses, correlation coefficients were 
calculated using the Microsoft Excel analytical tool, which is Four steps 
Excel Statistics 3rd edition by Yanai H, Seiun-sha Publishing Co. Ltd, 
2014. 
Ethical considerations
Current study was conducted in compliance with the ethical 
principles of the Declaration of Helsinki and Japan’s Act on the 
Protection of Personal Information along with the Ministerial 
Ordinance on Good Clinical Practice (GCP) for Drug (Ordinance of 
Ministry of Health and Welfare No. 28 of March 27, 1997). No ethical 
committee meeting was held. 
Results
Basal data of subjects enrolled were shown in Table 1. Average 
BMI was 25.1 kg/m2 and average HbA1c was 7.2 %. There was 
significant correlation between Waist Circumference (WC) and Thigh 
Circumference (TC) (p<0.01) (Figure 1). Correlations between BMI 
and 4 markers were shown in Figure 2, which are WC, WHtR, THtR 
and TWaR. Former three factors showed significant correlations 
(p<0.01), and the last one did not show significant correlation. 
Correlations between HbA1c value and 4 markers were shown 
in Figure 3. WC and WHtR showed positive significant correlations 
(p<0.01), and THtR show no significant correlation. TWaR and HbA1c 
showed negative significant correlation, in which the Coefficient was 
-0.25 with p=0.26 (p<0.05). 
Discussion
In this study, anthropometric markers such as WC and WHtR were 
discussed. Systematic review was reported as a screening tool for the 
prediction of cardiovascular disease and diabetes [12]. WHtR is simple 
index for central fatness and useful as an additional or alternative 
measure to BMI in children and adults [21]. From different countries 
and races, mean boundary values for WHtR would be 0.50 for men 
and women [12], 0.50 in men and 0.52 in women [22], 0.54 in both 
[23], 0.58 for discriminating individuals with metabolic syndrome [24]. 
Standard range of WHtR would be from 0.41 to 0.52 for men and from 
0.38 to 0.50 for women [25]. Use of a simple boundary value for WHtR 
(0.5) identifies more people at ‘early health risk’ than BMI and WC 
[26]. As social health slogan, ‘Keep your waist circumference to less 
than half your height’ would be impressive [21].
Compared to these, our results of WHtR in 80 subjects showed 
that 57 (71.3%) were more than 0.5 and 40 (50%) were more than 0.54, 
with 33(41.2%) of elevated BMI. Stronger associations were revealed 
in WC and WHtR than BMI and weight, reflecting abdominal obesity 
and incident T2DM [27]. On contrast, some reports stressed the 
importance of BMI [10,28], and WC was more associated with CVD 
risk factors than WHtR by systematic review and meta-analysis [29]. 
Further investigation would be necessary to clarify the relationship 
between WHtR and various biomarkers and presence of complication.
Recently, other indices have been introduced. Well-being of the 
Singapore Elderly (WiSE) investigated BMI, waist circumference, 
hip circumference for Chinese, Indians and Malays, and showed 
Waist-Hip Ratio (WHR) predominance for various factors [30]. WC, 
WHtR, and WHR were the best discriminators among white females, 
whereas WHR was the best discriminator among black females [31]. 
Furthermore, Body Adiposity Index (BAI) was proposed, which is 
composite index based on hip circumference and height (BAI = hip 
circumference (cm) divided by (height (m))1.5 minus 18) [32]. BAI was 
intended to provide a direct estimate of percentage (%) body adiposity, 
especially from a population study of Mexican Americans [11,32].
In current study, we proposed a trial of Thigh to Waist ratio 
(TWaR). One of the impressive result was the negative significant 
correlation between HbA1c and TWaR, in which the Coefficient was 
-0.25 with p=0.26. Thigh Circumference (TC) might indicate the 
muscle volume, whereas Waist Circumference (WC) indicates the 
adipose tissue volume, suggesting the possible utilization of TWaR on 
the clinical research in the future. 
This study has important limitation. Firstly, several factors such as 
population, sample size, ethnicity, age, gender, smoking and physical 
activity status would be necessary for precise research. Secondly, basal 
biomarkers such as lipids, atherogenic index (AI) [25], creatinine, uric 
acid and other data would be desirable to be included. Thirdly, diabetic 
micro- and macro-angiopathy including cerebral vascular accident 
(CVA) [33], cardiovascular disease (CVD) and peripheral vascular 
disease (PVD) as well as hypertension [30] and hyperlipidemia would 
be investigated together with the anthropometric measurement [34-
36]. Moreover, higher level of research method such as cross-sectional 
study or Randomized Controlled Trial (RCT) would be preferred. 
The result of this study would become the fundamental data for 
the anthropometric research in metabolic syndrome leading to CVD. 
Further studies of a prospective nature will be required for the research 
in this field. 
Average ± SD Median [25% - 75%]
Age (years old) 67.7 ± 12.9 69.0 [63.8 - 77.0]
Height (cm) 158.6 ± 8.6 158.0 [153 - 165]
Body weight (kg) 63.2 ± 13.3 60.5 [55.0 - 70.3]
BMI (kg/m2) 25.1 ± 4.8 24.4 [21.8 - 27.4]
Waist circumference (cm) 88.1 ± 11.2 87.0 [79.0 - 95.0]
Thigh circumference (cm) 42.7 ± 6.0 42.0 [38.4 - 46.0]
Waist to Height ratio 0.56 ± 0.08 0.54 [0.50 - 0.61]
Thigh to Height ratio 0.27 ± 0.02 0.27 [0.24 - 0.29]
Thigh to Waist ratio 0.48 ± 0.05 0.49 [0.45 - 0.52]
HbA1c (%) 7.2 ± 1.2 6.9 [6.4 - 7.7]
Table 1. Basal data of the subjects.
Figure 1. Correlation between Waist Circumference (WC) and Thigh Circumference (TC) 
There was significant correlation between both markers (p<0.01).
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Figure 2. Correlation between BMI and 4 markers (WC, WHtR, THtR and TWaR). Significant Correlations were shown in WC (p<0.01), WHtR (p<0.01), THtR (p<0.01), and was not 




















Figure 3. Correlation between HbA1c value and 4 markers (WC, WHtR, THtR and TWaR) Significant Correlations were shown in WC (p<0.01), WHtR (p<0.01), TWaR (p<0.05), and was 
not shown in THtR (n.s.). a. WC (Waist Circumference) b. WHtR (Waist to Height ratio) c. THtR (Thigh to Height ratio) d. TWaR (Thigh to Waist ratio).
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